###### Strengths and limitations of this study

-   The findings suggest that the Salut Programme is an effective universal intervention to improve maternal and child health, and it may be good value for money.

-   Our study contributes to the limited evidence base regarding universal multisectorial health promotion approaches during pregnancy and early childhood.

-   A major strength of this study is that the 'state of the art' methods were used in the effectiveness analyses.

-   Our analyses were limited to data available in registers. We lacked access to data on primary care and medication as well as on lifestyle and health-related quality of life.

-   In the cost-effectiveness analyses, the limited societal perspective only included productivity losses due to mothers' inpatient and outpatient care, which might have contributed to the uncertainty in the results.

Background {#s1}
==========

Development during the prenatal period, infancy and childhood is known to influence lifelong health,[@R1] and the link between early-life health and adult outcomes is strong and economically meaningful.[@R5] Promotion of optimal child development and well-being comprises early detection and treatment of whole families, and it can potentially prevent the development of behavioural and emotional problems in children and adolescents.[@R6]

Until now, the research community has failed to provide persuasive evidence about the effectiveness and cost-effectiveness of health promotion and preventive interventions. However, evaluation of intervention efforts is necessary for evidence-based decision-making.[@R7] Childhood obesity programmes have been suggested to be cost-effective,[@R9] but other examples are rare. There are considerable methodological challenges when conducting such evaluations, and more thorough economic analyses of preventive programmes are encouraged. Economic evaluation is important for both those delivering and funding the interventions,[@R10] and if demonstrated to be cost-effective, experiences and work modes can potentially be used in other settings.

The current project is nested within the Swedish Salut Child Health Intervention Programme, initiated in Västerbotten County in 2005 in addition to care-as-usual. The programme is a multisectorial, family-centred approach to health promotion and prevention. One of the programme aims is avoidance of maternal and foetal pregnancy complications related to maternal lifestyle. This study aimed to investigate the effectiveness and cost-effectiveness of the Salut Programme compared with care-as-usual, over the periods of pregnancy, delivery and the child's first 2 years of life. The study was guided by the following research questions:Does the Salut Programme improve maternal and child health?What are the resource implications of the Salut Programme in terms of intervention and societal costs?Is the Salut Programme a cost-effective public health intervention?

Methods {#s2}
=======

Overall study design and participants {#s2a}
-------------------------------------

The current study adopted a register-based retrospective observational design using existing data sources with respect to both exposures and outcomes.[@R11] We simulated an experiment by taking advantage of the stepwise implementation of the programme and nationally available individual-level register data collected independently of our study.[@R12]

Health outcomes and costs were compared between geographical areas that received care-as-usual (non-Salut area) and areas where the programme was implemented from 2006 and onwards (Salut area). The mother's place of residence at the child's birth determined whether the child and mother were classified as belonging to the Salut area or the non-Salut area. Thus, an intention-to-treat approach was used.[@R13] We included mothers and their children from both the Salut area and non-Salut area if the child was born 2002--2004 (thus, before the Salut Programme was implemented anywhere), defined as the premeasure period. Accordingly, we included mothers and their children if the child was born 2006--2008 (thus, after the Salut Programme was implemented in some areas), defined as the postmeasure period. Henceforth, four study groups were formed: Salut pre, Salut post, non-Salut pre and non-Salut post.

We conducted an effectiveness study and an economic evaluation study. The effectiveness study adopted two complementary strategies: a matched difference-in-difference analysis using data from all participants and a longitudinal analysis restricted to the subsample of mothers who had given birth twice during the study period, both in the premeasure and postmeasure periods. The economic evaluation was conducted from both a healthcare and a limited societal perspective. In a recently published study protocol, we have described the Salut Programme and our planned analysis strategies.[@R14] In the present study, this protocol has largely been followed. A few revisions have been made when necessary, and they are described and motivated below.

Care-as-usual and the Salut Programme {#s2b}
-------------------------------------

Care-as-usual during pregnancy and childhood is free of charge and decentralised to locally elected county councils with tax-raising powers, which creates some variation across the country in delivery of services. Almost all parents attend antenatal care, and likewise, almost all children attend child healthcare and dental care with an accompanying parent. Open preschools are free of charge, run by the municipality or churches and attended on a drop-in basis by families.

The Salut Programme is integrated within care-as-usual, and it comprises strengthening and restructuring of care-as-usual and new specific interventions. Professionals in antenatal care, child healthcare, dental care and open preschools are invited to learning seminars and are encouraged to use manuals, specifically developed for the Salut Programme, to guide everyday practice. Following county-wide implementation, an evaluation showed significant improvements in professionals' health promotion practices and in collaboration across sectors.[@R15] The programme is described in detail in online [supplementary appendix A, tables A1 and A2](#SP1){ref-type="supplementary-material"}and in previous publications.[@R14]
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Health outcomes {#s2c}
---------------

Health outcome measures were chosen to demonstrate the performance of the Salut Programme with respect to supporting normal pregnancy and birth and, in other ways, contributing to the well-being of children and their mothers. Another prerequisite was that the measures were available through the Umeå SIMSAM Lab,[@R12] compiled from national and local registers. Moreover, we were guided by a recent publication on frequently measured outcomes to assess maternity care performance.[@R19] A detailed description of the registers can be found elsewhere.[@R14] The following time periods and outcome measures were chosen:During pregnancy, delivery and at birth: mother's smoking status at first antenatal visit (yes/no); pregnancy length at delivery (≥37/\<37 weeks); caesarean section (yes/no); birth weight (≥2500/\<2500 g); birth length (cm); large for gestational age (≥2 SD above the reference population's mean weight); small for gestational age (≤2 SD below the reference population's mean weight); Apgar score 1, 5 and 10 min after delivery (≥7/\<7 points); child diagnosed by paediatrician as healthy (yes/no); and duration of mother's inpatient care related to delivery (days).During the first 2 years after the child's birth: inpatient care not related to delivery within the two first months after child's birth (yes/no); cumulative duration of inpatient care (days); and cumulative number of outpatient visits, all for mother and child, respectively.

Effectiveness analyses {#s2d}
----------------------

The samples are presented in [figure 1](#F1){ref-type="fig"}. Assumptions and details regarding the analysis strategies are described elsewhere[@R14] and in online [supplementary appendix B](#SP1){ref-type="supplementary-material"}. The matched difference-in-difference analyses used the total sample. For each child born in the Salut area at postmeasure, matching observations were found in each of the other three groups: Salut area pre, non-Salut area pre and non-Salut area post. For every outcome, an observation was deemed a match if the mother, at the time of the child's birth, had the same level of education and similar age as the mother of a child born in the Salut area at postmeasure. The average difference over time in the Salut area was computed as the difference between the mean outcome in the Salut area at postmeasure and the mean outcome of the matched observations from the Salut area at premeasure. Analogously, the average difference over time in the non-Salut area was computed as the difference between the mean outcome of the matched observations from the non-Salut area at postmeasure and the mean outcome of the matched observations from the non-Salut area at premeasure. The final difference-in-difference estimate of the average treatment effect on the treated (ATT) was computed by subtracting the average difference over time in the non-Salut area from the average difference over time in the Salut area. To obtain CIs reflecting the uncertainty around the ATT point estimates, SE were computed using non-parametric bootstrapping with 1000 replications.[@R20]

![An overview of the study population and samples used in the analyses.](bmjopen-2017-016732f01){#F1}

In the longitudinal analyses, we used the subsample of mothers that gave birth to at least one child in each of the time periods and living in the same geographical area over the whole time period ([figure 1](#F1){ref-type="fig"}). For a given outcome of interest, focusing on this subsample allowed us to use the mother's premeasure outcome value as a covariate on which to match on, in addition to the matching variables used in the difference-in-difference analyses. The simple matching estimate of the ATT was computed as the difference between the mean outcome in the Salut area at postmeasure and the mean outcome of the matched observations from the non-Salut area at postmeasure. Abadie-Imbens SE[@R21] were computed to obtain CIs reflecting the uncertainty around the ATT point estimates. The SE computation is based on estimation of the asymptotic variance of the simple matching estimator and is preferable to bootstrapping in this case since the latter would lead to inconsistent SE estimation.[@R22]

In all analyses, matching was performed separately for each outcome variable, namely, the identity of the match was not fixed across analyses. Analyses were conducted in R V.3.3.0[@R23] using the Matching package[@R24] for matching and Abadie-Imbens SE.

Economic evaluation {#s2e}
-------------------

The economic analysis aimed to capture both the healthcare and the wider societal costs and benefits of the Salut Programme for the first 2 years of the children's lives and their mothers. Two perspectives were adopted: a healthcare perspective, consisting of intervention costs and other healthcare resources used by children and mothers, and a limited societal perspective, additionally including productivity losses associated with mothers' illness.[@R25] Results are expressed in 2013 purchasing-power parity international dollars (Swedish kroner (Kr)8.71=INT\$1) after adjusting for inflation using the gross domestic product deflator.[@R27]

### Intervention cost {#s2e1}

Programme costs were estimated between January 2005 and June 2010. We added the opportunity cost of professionals' time to attend learning seminars during 2005--2007 (online [supplementary appendix C, table C1](#SP1){ref-type="supplementary-material"}). Calendar year-based allocation rules for joint costs and the division between start-up and implementation were decided on retrospectively by the Salut Programme staff to capture the changing nature of activities over time (online [supplementary appendix C, table C2](#SP1){ref-type="supplementary-material"}). Intervention costs were discounted at an annual rate of 3%.

### Healthcare and other societal costs {#s2e2}

Healthcare-related costs were derived from information on the use of healthcare resources external to the Salut Programme, such as maternal inpatient care related to delivery and children's and mothers' inpatient and outpatient care due to illness. All healthcare-related costs were calculated for the child's first 2 years. Productivity losses due to mothers' illness were included in the analysis conducted from a limited societal perspective. Productivity losses were calculated using the human capital approach, by multiplying time off work due to inpatient and outpatient care by the average gross salary (including social charges). The average number of parental benefit days during the first year is around 220 for women in Sweden.[@R28] Therefore, mothers were assumed to be on parental leave during the first year after childbirth, hence productivity losses were estimated for year two only. Contrary to the planned analyses in the study protocol,[@R14] care of a sick child compensations were excluded from the analysis, as these were only linked to the parent and not to a particular child. In addition, these costs can be considered transfer payments, thus including them would constitute double counting. Total costs were estimated by multiplying frequencies of resources by their respective unit cost. Costs incurred during year two were discounted at 3%. The difference in healthcare and other societal costs was compared between the Salut Programme and care-as-usual and between premeasure and postmeasure using permutation tests. Unit costs used to value resource use are listed in online [supplementary appendix C, table C3](#SP1){ref-type="supplementary-material"}.

### Cost-effectiveness analysis {#s2e3}

The economic framework of this study is a retrospective register-based cost-effectiveness analysis. We compared costs and outcomes of the Salut Programme to care-as-usual, from a healthcare and a limited societal perspective, and calculated incremental cost-effectiveness ratios (ICERs). Deterministic cost-effectiveness was expressed as the cost per low-Apgar case prevented. For the probabilistic analysis, we used non-parametric bootstrapping with 1000 replications to obtain 95% CIs around the ICER and investigate the uncertainty around the ICER estimates. The bootstrap results are presented on a cost-effectiveness plane. We explored the probability that Salut is cost-effective compared with care-as-usual, subject to a range of possible maximum values that a decision maker would be willing to pay for an additional low-Apgar case prevented. Cost-effectiveness acceptability curves (CEAC) for the healthcare and the limited societal perspectives were generated by plotting these probabilities for a range of willingness-to-pay (WTP) values. CEACs are a recommended decision-making approach to dealing with uncertainty regarding the cost-effectiveness estimates and the maximum values decision makers would be willing to pay for these. A decision maker who knows their maximum WTP for an additional unit of health gain can use the CEAC to determine the strength of the evidence on the cost-effectiveness of an intervention.[@R29] Bootstrapping and the CEACs were performed in Excel 2011.

Results {#s3}
=======

Characteristics of the study population {#s3a}
---------------------------------------

In the Salut area, 1003 and 888 children were born in the premeasure and postmeasure period, respectively ([figure 1](#F1){ref-type="fig"}). In the non-Salut area, 6664 and 6059 children were born in the premeasure and postmeasure period, respectively. There were 147 mothers that gave birth at least once to 309 children in the Salut area and 1249 mothers that gave birth at least once to 2650 children in the non-Salut area. Characteristics of the total sample are given in [table 1](#T1){ref-type="table"} and for the longitudinal subsample in online [supplementary appendix D, table D1](#SP1){ref-type="supplementary-material"}. Mothers giving birth to children in the Salut area were on average younger and less educated compared with mothers in the non-Salut area. The differences in age and education between Salut post and non-Salut post on the one hand and between Salut post and non-Salut pre on the other hand were all statistically significant with p values below 0.001. Between Salut post and Salut pre, there were no significant differences in age and education (p values 0.78 and 0.30, respectively). Missing values varied between measures (online [supplementary appendix D, tables D2 and D3](#SP1){ref-type="supplementary-material"}). Information on mother's education was missing for 2.1%--2.4% of the Salut area observations and 1.0%--1.1% of the non-Salut area observations. All outcomes at birth exhibited some missingness, with the largest proportion for the smoking variable (10.4% in Salut area pre). Outcomes during the first 2 years after birth were all fully observed.

###### 

Characteristics of the participants in the total sample

                                                       Salut area\*   Non-Salut area\*                
  ---------------------------------------------------- -------------- ------------------ ------------ ------------
  Participants                                                                                        
  Mothers, n                                           918            828                6056         5737
  Children, n                                          1003           888                6664         6059
  Covariates                                                                                          
  Mother's age (years), mean (SD)                      29.7 (5.3)     29.7 (5.2)         30.3 (4.9)   30.3 (5.0)
  Mother's education, %                                                                               
   Compulsory school                                   11.0           11.3               7.5          7.5
   Secondary school                                    51.2           48.1               44.5         36.8
   Higher education                                    37.8           40.6               48.0         55.7
  Health outcomes                                                                                     
  *Pregnancy, delivery and around the child's birth*                                                  
  Smoking‡§ (yes), %                                   8.4            5.2                5.3          3.8
  Pregnancy length‡ (≥37 weeks), %                     92.6           95.0               94.4         94.6
  Caesarean section‡ (yes), %                          17.2           18.1               16.4         16.4
  Birth weight¶ (≥2500 g), %                           94.8           96.9               96.5         96.4
  Birth length¶ (cm), mean (SD)                        50.3 (2.8)     50.3 (2.9)         50.5 (2.5)   50.3 (2.5)
  LGA¶\*\* (yes), %                                    3.6            3.8                4.4          3.4
  SGA¶†† (yes), %                                      2.5            2.5                1.7          1.9
  Apgar score¶‡‡ (≥7 points)                                                                          
    At 1 min, %                                        95.8           96.3               95.3         94.6
   At 5 min, %                                         99.1           99.4               98.7         98.5
   At 10 min, %                                        99.7           99.8               99.7         99.6
  Healthy child¶§§ (yes), %                            79.3           81.1               77.8         79.2
  Mother's inpatient care‡¶¶ (days), mean (SD)         3.7 (2.8)      3.1 (2.0)          3.6 (2.6)    2.9 (2.2)
  *During the first 2 years after the child's birth*                                                  
  Mother with early inpatient care‡\*\*\* (yes), %     1.1            2.4                1.8          1.3
  Child with early inpatient care¶\*\*\* (yes), %      6.9            4.2                6.9          4.3
  Mother's inpatient care‡††† (days), mean (SD)        0.4 (2.1)      0.5 (3.2)          0.5 (5.3)    0.5 (4.5)
  Child's inpatient care¶‡‡‡ (days), mean (SD)         1.9 (12.8)     1.5 (8.2)          1.5 (8.1)    1.4 (9.6)
  Mother's outpatient visits‡ ‡‡‡, mean (SD)           0.0 (0.1)      0.0 (0.1)          0.0 (0.1)    0.0 (0.1)
  Child's outpatient visits¶‡‡‡, mean (SD)             0.0 (0.2)      0.1 (0.4)          0.0 (0.2)    0.1 (0.7)

\*Salut area, geographical area in Västerbotten county where the Salut Programme was implemented prior to 2009; non-Salut area, remaining part of Västerbotten county.

†Premeasure period, 2002--2004; postmeasure period, 2006--2008.

‡Outcome maternal health.

§Smoking status at first antenatal visit, around pregnancy week 12.

¶Outcome child health.

\*\*LGA, ≥2 SD above the reference population's mean weight.

††SGA, ≤2 SD below the reference population's mean weight.

‡‡A measure of the newborn's physical condition 1, 5 and 10 min after birth, range 0--10.

§§A healthy child according to a paediatrician's examination.

¶¶Mother's inpatient care related to delivery.

\*\*\*Early inpatient care for mother and child, respectively, during the first 2 months after the child's birth but not related to the delivery.

†††Cumulative duration of inpatient care for mother and child, respectively, over the child's first 2 years, excluding care due to delivery complications.

‡‡‡Number of outpatient visits for mother and child, respectively, over the child's first 2 years, excluding care for the mother due to delivery complications.

LGA, large for gestational age; SGA, small for gestational age.

Effectiveness analyses {#s3b}
----------------------

Before conducting the difference-in-difference analyses, observations with missing values on outcome and/or matching variables were excluded. The analytical sample sizes differed between outcomes since exclusion of observations was done separately for each outcome (online [supplementary appendix D, tables D2 and D3](#SP1){ref-type="supplementary-material"}). The samples were well balanced before matching, but matching improved the covariate balance and resulted in standardised mean differences,[@R30] close to zero for all covariates in all analyses. The difference-in-difference analyses did not result in any significant ATT estimates. Hence, we conclude that for those individuals who were exposed to the Salut Programme, the programme had on average no significant effect on the outcomes studied ([table 2](#T2){ref-type="table"}), but the data suggest changes in a positive direction for the majority of health outcomes.

###### 

Results of the effectiveness study, total sample and longitudinal subsample

  Health outcomes                                      Total sample              Longitudinal subsample                             
  ---------------------------------------------------- ------------------------- ------------------------ ------------------------- -------------
  *Pregnancy, delivery and around the child's birth*                                                                                
  Smoking‡§ (yes), %                                   −0.02 (−0.05 to 4e-03)    0.09                     −0.02 (−0.06 to 0.01)     0.11
  Pregnancy length‡ (≥37 weeks), %                     0.02 (3e-04 to 0.04)      0.08                     0.02 (−0.02 to 0.05)      0.34
  Caesarean section‡ (yes), %                          0.01 (−0.03 to 0.05)      0.66                     −4e-05 (−0.04 to 0.04)    1.00
  Birth weight¶ (≥2 500 g), %                          0.02 (−6e-04 to 0.05)     0.06                     0.01 (−8e-03 to 0.03)     0.22
  Birth length¶ (cm), mean (SD)                        0.11 (−0.19 to 0.41)      0.47                     0.10 (−0.31 to 0.51)      0.63
  LGA¶\*\* (yes), %                                    0.01 (−0.01 to 0.03)      0.30                     0.01 (−0.04 to 0.05)      0.73
  SGA¶†† (yes), %                                      −4e-03 (−0.02 to 0.02)    0.72                     −0.01 (−0.02 to −4e-03)   0.01
  Apgar score¶‡‡ (≥7 points)                                                                                                        
   At 1 min, %                                         0.02 (−2e-03 to 0.04)     0.07                     *0.03 (0.02 to 0.04)*     *4e-12\*\**
   At 5 min, %                                         5e-03 (−0.01 to 0.02)     0.34                     *0.01 (5e-03 to 0.02)*    *9e-05\*\**
   At 10 min, %                                        1e-03 (−4e-03 to 7e-03)   0.61                     2e-03 (−6e-04 to 4e-03)   0.15
  Healthy child¶§§ (yes), %                            0.01 (−0.04 to 0.05)      0.81                     0.01 (−0.06 to 0.08)      0.73
  Mother's inpatient care†¶¶ (days), mean (SD)         −4e-03 (−0.26 to 0.25)    0.98                     −0.04 (−0.43 to 0.34)     0.82
  *During the first 2 years after the child's birth*                                                                                
  Mother with early inpatient care†\*\*\* (yes), %     0.02 (7e-03 to 0.03)      3e-03                    0.01 (−0.01 to 0.04)      0.26
  Child with early inpatient care¶\*\*\* (yes), %      0.01 (−0.01 to 0.03)      0.44                     −3e-04 (−0.03 to 0.03)    0.98
  Mother's inpatient care‡††† (days), mean (SD)        0.08 (−0.25 to 0.40)      0.64                     −0.28 (−0.53 to --0.04)   0.02
  Child's inpatient care¶††† (days), mean (SD)         −0.17 (−1.33 to 0.99)     0.77                     0.37 (−1.03 to 1.77)      0.60
  Mother's outpatient visits‡ ‡‡‡, mean (SD)           1e-03 (−0.01 to 0.01)     0.86                     −0.01 (−0.03 to 0.01)     0.19
  Child's outpatient visits¶‡‡‡, mean (SD)             0.02 (−0.02 to 0.05)      0.40                     −2e-03 (−0.04 to 0.03)    0.92

\*Difference-in-difference estimates of the ATT with 95% CIs. CIs and p values were computed with the assumption that ATT was normally distributed and with an SD equal to the bootstrap SE.

†Simple matching estimates of the ATT with 95% (CI).

‡Outcome maternal health.

§Smoking status at first antenatal visit, around pregnancy week 12.

¶Outcome child health.

\*\*LGA,  ≥2 SD above the reference population's mean weight.

††SGA, ≤2 SD below the reference population's mean weight.

‡‡A measure of the newborn's physical condition 1, 5 and 10 min after birth, range 0--10.

§§A healthy child according to a paediatrician's examination.

¶¶Mother's inpatient care related to delivery.

\*\*\*Early inpatient care for mother and child, respectively, during the first two months after the child's birth but not related to the delivery.

†††Cumulative duration of inpatient care for mother and child, respectively, over the child's first two years, excluding care due to delivery complications.

‡‡‡Number of outpatient visits for mother and child, respectively, over the child's first two years, excluding care for the mother due to delivery complications.

\*\*Statistically significant effect at the α=0.05 level after a Bonferroni correction for multiple comparisons; ie, with the 38 outcome variables, this implies a significance threshold of 0.05/38=0.001.

\*\*\*Statistically significant effect at the α=0.01 level after a Bonferroni correction for multiple comparisons; ie, with the 38 outcome variables, this implies a significance threshold of 0.01/38=0.00026.

ATT, average treatment effect on the treated; LGA, large for gestational age; SGA, small for gestational age.

Before conducting the longitudinal analyses, the subsample of mothers giving birth at least once in each time period in the same area was further reduced in the following manner: for mothers who gave birth to more than one child in the same area at premeasure, observations from this period not relating to the last birth in that area and period were excluded. Analogously, if there were multiple births in the same area at postmeasure, observations from this period not relating to the first birth in that area and period were excluded. These exclusions were performed so that the variables at premeasure could be used as baseline variables to match on. Due to multiple births in the same area and period, observations were excluded from Salut area post (6), Salut area pre (9), non-Salut area post (49) and non-Salut area pre (103). Finally, observations with missing values on outcome and/or covariates were excluded as in the difference-in-difference analyses (online [supplementary appendix D, tables D4 and D5](#SP1){ref-type="supplementary-material"}). Matching improved the covariate balance and resulted in standardised mean differences close to zero for all covariates. The longitudinal analyses resulted in significant positive ATT estimates for the outcomes Apgar at 1 and 5 min ([table 2](#T2){ref-type="table"}).

We conclude that, for those who were exposed to the Salut Programme, in the subpopulation of mothers giving birth at least twice, there were 3% (95% CI: 2% to 4%) more births with high Apgar at 1 min compared with what would have been the case had they not been exposed to the programme. Similarly, there were 1% (95% CI: 0.5% to 2%) more births with high Apgar at 5 min compared with what would have been the case had they not been exposed to the Salut Programme. For our sample, this translates to 3.6 and 1.2 additional children having high Apgar at 1 and 5 min, respectively. We estimated the number needed to treat to prevent one case with low Apgar at 5 min by dividing one by the absolute risk reduction between Salut and non-Salut (0.02); 50 mothers would need to be exposed to the Salut Programme to prevent one case of low Apgar. The results for the other outcomes showed no significant effects; however, even for this population, we can see changes in a positive direction.

To assess how sensitive the results are to the exclusion of observations with missing values, analogous analyses were performed on samples where missing values had been imputed using multivariate imputations by chained equations with predictive mean matching.[@R32] The results from analyses based on the samples with imputed values do not differ substantially from the results presented in [table 2](#T2){ref-type="table"} and the conclusions that can be drawn are the same (online [supplementary appendix D, table D6](#SP1){ref-type="supplementary-material"}).

Intervention costs {#s3c}
------------------

The total cost of the Salut Programme was INT\$273 063 (Kr2 379 260). Averaged over the 888 children born in the Salut area at postmeasure gives a cost of INT\$308 (Kr2679) per child. The largest cost components were staff (64%) and the opportunity cost of professionals' time to attend the learning seminars (16%). Of the total, 28% were start-up costs incurred during 2005--2007. The average annual implementation cost was INT\$43 575 (Kr379 677; averaged over 66 months).

Healthcare and other societal costs {#s3d}
-----------------------------------

Mean healthcare costs and productivity losses at premeasure and postmeasure for the Salut and the non-Salut areas for the longitudinal subsample (n=1289) are shown in [table 3](#T3){ref-type="table"}. Healthcare costs were lower in the Salut area due to less inpatient care for both mothers and children. Healthcare costs tended to be lower at postmeasure compared with premeasure in both areas, but the differences were not statistically significant. The SD around the mean healthcare cost estimates was large mostly because of large variation in inpatient care costs.

###### 

Mean healthcare costs and productivity losses for the longitudinal subsample (2013 INT\$)\*

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Costs                                               Salut†     Difference Salut post--pre‡   p Value\*   Non-Salut†   Difference Non-Salut post--pre¶   p Value\*   Incremental costs Salut versus\   p Value              
                                                                                                                                                                      non-Salut\*\*                                          
  --------------------------------------------------- ---------- ----------------------------- ----------- ------------ --------------------------------- ----------- --------------------------------- --------- ---------- ------
  Intervention cost per child                                    308                           308                                                                                                                308        

   Children, n                                        121        121                                                    1 168                             1 168                                                              

   Healthcare costs, mean (SD)                                                                                                                                                                                               

   Pregnancy, delivery and around the child's birth                                                                                                                                                                          

   Delivery                                           5767\      5842 (1063)                   76\         0.70         5855\                             5894\       39\                               0.41      36\        0.81
                                                      (979)                                    (131)                    (1072)                            (1110)      (45)                                        (147)      

   During the first 2 years after the child's birth                                                                                                                                                                          

   Mother's inpatient care                            604\       605\                          1\          1.00         1100\                             1822\       722\                              0.18      −721\      0.60
                                                      (3089)     (2547)                        (364)                    (8396)                            (15 637)    (519)                                       (1618)     

   Child's inpatient care                             10 773\    9142\                         −1631\      0.82         15 245\                           13 331\     −1914\                            0.75      283\       0.98
                                                      (50 242)   (43 492)                      (6041)                   (98 078)                          (143 972)   (5097)                                      (15 960)   

   Mother's outpatient care                           3\         3\                            0\          1.00         4\                                5\          2\                                0.27      −2\        0.75
                                                      (28)       (28)                          (4)                      (36)                              (40)        (2)                                         (5)        

   Child's outpatient care                            8\         8\                            0\          1.00         14\                               11\         −4\                               0.28      4\         0.68
                                                      (49)       (50)                          (6)                      (97)                              (64)        (3)                                         (11)       

  Total healthcare costs                              17 154\    15 599\                       −1555\      0.83         22 219\                           21 063\     −1156\                            0.86      −399\      0.97
                                                      (50 535)   (43 666)                      (6072)                   (98 650)                          (144 736)   (5125)                                      (16 048)   

  Productivity losses, mean (SD)                                                                                                                                                                                             

   During the second year after the child's birth                                                                                                                                                                            

   Mother's outpatient care                           2\         2\                            0\          1.00         2\                                2\          0\                                1.00      0\         0.94
                                                      (21)       (21)                          (3)                      (20)                              (21)        (1)                                         (3)        

   Mother's inpatient care                            17\        15\                           −2\         0.90         20\                               48\         29\                               0.03\*    −31\       0.38
                                                      (98)       (104)                         (13)                     (170)                             (440)       (14)                                        (43)       

  Total productivity losses                           19\        17\                           −2\         1.00         21\                               50\         29\                               0.02\*    −31\       0.38
                                                      (99)       (106)                         (13)                     (172)                             (441)       (14)                                        (43)       

  Total healthcare costs+productivity losses          17 173\    15 616\                       −1556\      0.83         22 240\                           21 113\     −1127\                            0.85      −430\      0.97
                                                      (50 538)   (43 670)                      (6072)                   (98 660)                          (144 768)   (5126)                                      (16 051)   
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Statistical significance defined as p\<0.05.

\*Results expressed in 2013 purchasing-power parity adjusted international dollars (INT\$1=Kr8.71).

†Salut area, geographical area in Västerbotten county where the Salut Programme was implemented prior to 2009; non-Salut area, remaining part of Västerbotten county. Several of the health outcomes are further described in [table 1](#T1){ref-type="table"}.

‡p Values are based on permutation tests of the difference in means between Salut post and Salut pre.

§Premeasure period, 2002--2004; postmeasure period, 2006--2008.

¶p Values are based on permutation tests of the difference in means between non-Salut post and non-Salut pre.

\*\*p Values are based on permutation tests of the difference in means between Salut and mon-Salut over time, that is, the difference in means between non-Salut post and non-Salut pre subtracted from the difference in means between Salut post and Salut pre.

Productivity losses increased in the non-Salut area from premeasure to postmeasure (+INT\$29; p=0.03), but it remained unchanged in the Salut area, which explains the difference in productivity losses over time in the Salut area compared with the non-Salut area (−INT\$31 per child; p=0.38). Adding up healthcare costs and productivity losses, total costs (excluding intervention costs) were INT\$1556 lower at postmeasure than at premeasure in the Salut area and INT\$1127 lower at postmeasure than at premeasure in the non-Salut area. Hence, total costs fell by INT\$430 more per person in the Salut area compared with the non-Salut area (p=0.97). Analyses of healthcare costs and productivity losses for the total sample are found in the online [supplementary appendix E, table E1](#SP1){ref-type="supplementary-material"}.

Cost-effectiveness analysis {#s3e}
---------------------------

Both Apgar at 1 and 5 min showed statistically significant differences between Salut and non-Salut areas in the longitudinal analysis. Previous studies suggest that a low Apgar score at 5 min correlates with neonatal mortality and confers an increased risk of neurological disability and cognitive impairment.[@R26] In contrast, Apgar at 1 min is not a good predictor of infant outcomes.[@R25] Hence, we considered Apgar at 5 min as the only relevant outcome in the cost-effectiveness analysis. The cost-effectiveness results for both costing perspectives are given in [table 4](#T4){ref-type="table"}. From both a healthcare and a limited societal perspective, the Salut Programme yields higher effects and lower costs (ie, "dominant) than care-as-usual (non-Salut). The probability that the Salut Programme is cost-saving and entails positive effects compared with care-as-usual is approximately 50% (48.3% for the healthcare perspective and 49.7% for the limited societal perspective).

###### 

Results of the cost-effectiveness study, longitudinal subsample (costs in 2013 INT\$)

                                 Salut area\*     Non-Salut area\*   Bootstrapped incremental costs   Bootstrapped incremental effects   ICER                                                                                
  ------------------------------ ---------------- ------------------ -------------------------------- ---------------------------------- -------------------- -------------- ---------------- ---------------- ------ ------ ----------------
                                 Base case        Bootstrap          Base case                        Bootstrap                          Base case            Bootstrap      Base case        Bootstrap                      
  Healthcare perspective         −1247 (66 658)   −1207 (5892)       0.016 (0.128)                    0.016 (0.011)                      −1156 (176 067)      −1131 (5294)   −0.003 (0.149)   −0.003 (0.004)   −76    0.02   Dominant¶ \*\*
  Limited societal perspective   −1249 (66 668)   −1398 (5941)       0.016 (0.128)                    0.016 (0.011)                      −1127 (176 099.98)   −922 (5284)    −0.003 (0.149)   −0.003 (0.004)   −476   0.02   Dominant¶\*\*

\*Salut area, geographical area in Västerbotten county where the Salut Programme was implemented from 2006 and onwards; non-Salut area, remaining part of Västerbotten county. Several of the health outcomes are further described in [table 1](#T1){ref-type="table"}.

†Premeasure period, 2002--2004; postmeasure period, 2006--2008.

‡The average cost per participant includes intervention costs and resource use costs.

§Apgar at 5 min, a measure of the newborn's physical condition at 5 min after birth, range 0--10 points.

¶The intervention is less costly and more effective than the comparator (dominant).

\*\*Approximately 3% of the observations have negative effects.

ICER, incremental cost-effectiveness ratio; INT\$, international dollars.

Figure E1 in the online [supplementary appendix E](#SP1){ref-type="supplementary-material"} presents the cost-effectiveness results on a cost-effectiveness plane for both costing perspectives. The bootstrapped estimates of incremental costs and effects fall approximately equally in the south-east and north-east quadrants of the plane. This is consistent with the Salut Programme having positive effects and an approximately 50% probability of being cost-saving compared with care-as-usual. The cost effectiveness plane demonstrates that the uncertainty around the cost estimates is indeed very large. This is further evidenced when plotting CEAC (Figure E2 in online [supplementary appendix E](#SP1){ref-type="supplementary-material"}) for different WTP values. With a zero WTP for preventing a case of low Apgar, the probability that the Salut Programme is cost-effective is approximately 50%. This probability hardly increases with WTP until very high ceiling values of INT\$100 000 and above.

Discussion {#s4}
==========

Main study findings and comparison with other studies {#s4a}
-----------------------------------------------------

Our results suggest that the Salut Programme is an effective universal child health promotion intervention, and it is likely to represent good value for money. The difference-in-difference analyses did not show significant improvements in maternal and child health outcomes, but they suggested changes in a positive direction. However, the longitudinal analyses resulted in a significant positive improvement in Apgar scores, reflecting the newborn's physical condition, with more children having a normal Apgar score (1 min +3%, and 5 min +1%). Notably, a recent publication suggests that a low Apgar score at 5 min may also serve as an indicator of poor maternal health.[@R35] This recent published 6-year study of over 600 000 newborns has extended the application of Apgar and identified a link between the newborn's Apgar score and the mother's need for intensive care.

The cost added by the programme to care-as-usual was small, INT\$308, representing only 4% of the average healthcare cost for the pregnancy, delivery and neonatal periods per woman/child, INT\$7945.[@R36] From both a healthcare and a limited societal perspective, the programme yielded higher effects and lower costs than care-as-usual, with approximately 50% probability of being cost-saving and entailing positive effects. Exploration of the uncertainty around the cost-effectiveness data showed that there was relatively large uncertainty around the cost estimates. In our view, the most likely explanation is that the noted differences in costs may not have been directly impacted by the intervention. Importantly, the Salut Programme would only have a higher probability of cost-effectiveness compared with care-as-usual if decision makers would be willing to pay much more (what seem unreasonably high financial figures) for an additional low-Apgar case prevented. Thus, our findings show that Salut can be good value for money. However, more evidence is needed about costs, in particular, how Salut may impact on healthcare costs in the long term.

Our study contributes to the limited evidence base regarding universal multisectorial health promotion interventions during pregnancy and early childhood. We are aware of only a few evaluations of the effectiveness and cost-effectiveness of such interventions. The universal parenting programme 'All Children in Focus', offered to parents of children aged 3 and above, showed a positive effect on parental self-efficacy and child health.[@R37] However, the programme had a low probability of cost-effectiveness.[@R38] Another study of a nurse-led intensive home visiting programme for first-time teenage mothers found no short-term benefits concerning the selected primary outcomes.[@R39]

Strengths and limitations of this study {#s4b}
---------------------------------------

We evaluated the Salut Programme as it was implemented in current practice, which increases the external validity and generalisability of the results. The use of existing register data, in which exposure and outcomes have been routinely collected,[@R12] reduces the amount of missing data. The 'state of the art' methods used in the effectiveness analyses, which do not require strong assumptions regarding the data generating mechanisms, allowed us to identify the differential effect of the programme on children and mothers born in Salut versus non-Salut areas in a natural experiment.[@R40]

While intention to treat[@R13] was the only feasible approach, we may have underestimated the intervention effects. We controlled for mothers' age and education using matching as well as the premeasure value of the outcome in the longitudinal analyses. However, we are aware of the risk for residual confounding. Another possible source of underestimation of effects is that the intervention development period (2005--2007) in part overlaps with the postmeasure period (children born 2006--2008). The retrospective study design limited us in terms of evaluating whether there was an initial learning period, during which effectiveness of the programme was lower. If such a learning period indeed existed, we may also have underestimated the opportunity cost of the programme because we assumed that (as stipulated by the programme) professionals integrated the programme interventions within care-as-usual. In the case visits that took more time than usual early on during implementation, a full societal perspective should also consider the incremental opportunity cost of parents' time. Due to the limitations of the retrospective design, we were not able to evaluate whether such a learning period existed.

As the Programme is a universal health promotion intervention, medical outcome measures were not expected to show significant effects. However, our analyses were limited to data available in registers. In particular, we lacked access to data on primary care visits and medication as well as on lifestyle and health-related quality of life. In the cost-effectiveness analyses, the limited societal perspective only included productivity losses due to mothers' inpatient and outpatient care, which might have contributed to the uncertainty in the results.

Implications for policy and clinical practice {#s4c}
---------------------------------------------

Apgar scores have long been used as a measure for assessing infant well-being at birth, but 5 min Apgar scores in particular have also become a well-established predictive index for long-term outcomes such as neonatal morbidity and mortality in normal birth weighted infants.[@R41] Low Apgar score at 5 min is associated with an increased risk of neurological disabilities.[@R34] For example, 1.7% of newborns with low Apgar scores are diagnosed with cerebral palsy, compared with 0.05% of newborns with normal Apgar score at 5 min.[@R45] Hence, to prevent one case of cerebral palsy, one would have to prevent 55 cases of low Apgar at 5 min. As such, the estimated lifetime cost for a child with cerebral palsy is about INT\$850 000,[@R46] while the broad implementation of the Salut Programme would result in additional health benefits (cases of normal Apgar score) at no additional costs. Although there is no study estimating WTP for a low-Apgar case prevented, this comparison might serve as a reference frame.

Universal complex interventions implemented in real-life settings, such as the Salut Programme, are scarce and pose challenges with respect to implementation, dissemination and evaluation.[@R47] The reliability of our results depends on how the Salut Programme was implemented in current praxis. Interviews with professionals suggest that key issues for effective implementation are involvement of professionals in intervention development, regular meetings with professionals and process consultants and the use of manuals.[@R16] On the other hand, more resources would likely have improved feasibility by providing professionals with more dedicated time to deliver the interventions. Continuous support from decision makers is necessary[@R48] to sustain the effectiveness and cost-effectiveness of an evidence-based intervention, such as the Salut Programme, in the long term.

Conclusions {#s5}
===========

Our study suggests that the Salut Programme is an effective universal intervention to improve maternal and child health, and it may be good value for money. The probability that the Salut Programme is cost-saving and entails positive effects is around 50% over a wide range of WTP ceiling values, although with a large uncertainty around the cost estimates.
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